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(54) Power wiring structure and semiconductor device 



(57) A power wring structure reali/es low induct- 
ance and is applicable to h semiconductor device. 

The power wiring structure employs two switching 
elements that arc connected ,n series and are comple- 
mentarity turned on and off Ends of the switching ele- 
ments are connected to power lines extending from a 
power source A nooc between trie switching elements 
is connected to an output line U that is connected to 
load The power lines arc a high-potential power line P 



and a low-potential power line N. The lines P, N, and U 
are each a wide electrode with the width thereof greater 
than the thickness thereof. The electrodes are layered 
one upon another in a thickness direction in order of P, 
U, and N to form a three-layer wide electrode structure. 

A current of the same value as and oppositely ori- 
ented from a current flowing through the output line U 
flows through the output line P or N, to cancel magnetic 
fields generated by the currents, thereby effectively re- 
ducing wiring inductance. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a low-induct- 
ance wiring structure with semiconductor switching ele- 
ments, applicable to a power inverter. 

2. Description of the Related Art 



w 



[0002] When two wide electrodes are laid one upon 
another with an insulator interposing between them and 
currents that are oppositely directed are passed through 15 
the electrodes, respectively, magnetic fields produced 
around the electrodes by the currents cancel each other, 
to reduce the inductance of the electrodes. This phe- 
nomenon is widely known. Based on this phenomenon, 
Japanese Unexamined Patent Publication No. 6-38507 20 
discloses a technique of layering a high-potential power 
bus P and a low-potential power bus N to form a two- 
layer electrode structure capable of reducing induct- 
ance. 

[0003] The two-layer electrode structure involving 25 
power buses P and N is applicable to an inverter module 
having an integrated inverter circuit, to reduce induct- 
ance. In practice, however, the two-layer structure does 
not always pass opposite currents of the same value be- 
cause the buses P and N in the two-layer structure must 30 
supply a current to load through an output line U. In a 
real inverter module, a current forms a loop as shown 
in Fig. 1 . The inverter module 1 of Fig. 1 involves two 
phases U and V. In each of U- and V-phase circuits, bus- 
es P and N are arranged to face each other with an in- 35 
sulator interposing between them. This configuration 
forms a current path indicated with a thick black lines 
and a looped current path indicated with a large dotted 
arrow mark depicted by C. Namely, opposite currents to 
cancel magnetic fields flow only in dotted circle areas A 40 
and B outside the inverter module 1 . Inside the inverter 
module 1 , magnetic fields do not cancel each other. 
Consequently, the example of Fig. 1 is insufficient to pro- 
vide the effect of reducing wiring inductance. 
[0004] When a switching element in an inverter is 45 
turned on and off, it generates a surge voltage V = -L • 
di/dl that is proportional to inductance L. If the induct- 
ance of wiring is large, a large surge voltage is produced 
to break the switching element. To prevent the breakage 
of switching elements, a snubber may be arranged. The so 
snubber, however,. increases the number of parts, to in- 
crease the size and cost of the inverter. Instead of em- 
ploying the snubber, the surge voltage is suppressible 
by slowing down a switching speed. This, however, hin- 
ders high-frequency switching and elongates a switch- 55 
ing time to increase switching loss and heat. The heat 
needs a large radiator to cool and deteriorates efficien- 
cy. 



SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
a power wiring structure of low inductance. 
[0006] Another object of the present invention is to 
provide a semiconductor device employing such a pow- 
er wiring structure. 

[0007] In order to accomplish the objects, an aspect 
of the present invention provides a power wiring struc- 
ture employing two switching elements connected in se- 
ries and complementarily turned on and off, power lines 
extending from a power source to one ends of the 
switching elements : and an output line extending from 
a node between the switching elements to load. The 
power lines include a high-potential power line P and a 
low-potential power line N. The output line is an output 
line U. The lines P, N, and U are each a wide electrode 
with the width thereof being greater than the thickness 
thereof. These lines are layered one upon another in or- 
der of P, U, and N with an insulator interposed between 
adjacent ones of the layered lines, to form a three-layer 
wide electrode structure. The two switching elements 
that are connected in series and are complementarily 
turned on and off correspond to, for example, an inverter 
circuit, an H-bridge circuit employing two inverters con- 
nected in parallel with each other, and a three-phase 
inverter circuit employing three inverter circuits connect- 
ed in parallel with one another. 

[0008] Assuming that there is no current leakage, op- 
posite currents of the same value flow through the out- 
put line U and one of the power lines P and N, to cancel 
magnetic fields generated around the lines by the cur- 
rents, thereby effectively reducing wiring inductance. 
[0009] Another aspect of the present invention em- 
ploys the three-layer wide electrode structure men- 
tioned above and arranges wiring such as bonding wires 
in an inverter module in such a way as to cancel mag- 
netic fields generated by currents flowing through the 
wiring, thereby effectively reducing the inductance of the 
wiring in the inverter module. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

Figure 1 is a circuit diagram showing a conventional 
power wiring structure for an inverter; 
Figs. 2A to 2C show a power wiring structure for an 
inverter according to an embodiment of the present 
invention, in which Fig. 2A is a circuit diagram, Fig. 
2B a perspective view, and Fig. 2C a view showing 
connections in the wiring structure; 
Figs. 3A and 3B show a power wiring structure for 
an inverter module with U- and V-phases according 
to another embodiment of the present invention, in 
which Fig. 3A is a circuit diagram and Fig. 3B a view 
showing connections in the wiring structure; 
Figs. 4A-4D shows a power wiring structure accord- 
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ing to still another embodiment of the present inven- 
tion in which Fig.4A is a perspective view, Fig.4B 
a sectional view taken along a line A-A of Fig.4A, 
Fig.4C a sectional view taken along a line B-B of 
Fig.4A, and Fig.4D a sectional view taken along a 5 
line C-C of Fig.4A; 

Figs. 5A-5C shows a power wiring structure accord- 
ing to still another embodiment of the present inven- 
tion in which Fig. 5A is a perspective view, Fig.5B 
a sectional view taken along a line A-A of Fig.5A, 
and Fig.5C a sectional view taken along a line B-B 
of Fig.SA; 

Figs. 6A and 6B show an inverter module according 
to still another embodiment of the present invention, 
in which Fig. 6A is a perspective view and Fig. 6B 
a circuit diagram; 

Figs. 7A to 70 show currents during the operation 
of the inverter module of Figs. 6A and 6B, in which 
Fig. 7 A shows a state that a transistor 21 of an upper 
arm is ON, Fig. 7B a state that the transistor 21 is 
OFF and a current is circulated through a free 
wheeling diode 26 of a lower arm, Fig. 7C a state 
that a transistor 25 of the lower arm is ON, and Fig. 
7D a state that the transistor 25 is OFF and a current 
is circulated through a free wheeling diode 22 of the 
upper arm; 

Figs. 8A and 8B are sectional views showing other 
arrangements of the transistors and free wheeling 
diodes of Fig. 6A; and 

Figs. 9A and 9B are perspective views showing oth- 
er arrangements of the upper and lower arms of Fig. 
6A. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0011] Power wiring structures according to embodi- 
ments of the present invention will be explained. The 
wiring structures are capable of effectively reducing wir- 
ing inductance. Even at high-speed switching, the wiring 
structures cause no surge voltage that may break 
switching elements. The wiring structures, therefore, 
need no snubber, to thereby reduce the size and cost of 
apparatuses to which the wiring structures are applied. 
The wiring structures ensure high-speed switching, sup- 
press switching loss, minimize the heating of elements, 
and improve efficiency. When applied to the internal wir- 
ing of inverter modules, the wiring structures effectively 
reduce the inductance of the internal wiring. 
[0012] Figures 2A to 2C show a power wiring structure 
according to an embodiment of the present invention, in 
which Fig. 2A is a circuit diagram, Fig. 2B a perspective 
view, and Fig. 2C a view showing connections in the wir- 
ing structure. 

[0013] In this embodiment, the wiring structure is ap- 
plied to a single-phase inverter containing two switching 
elements connected in series. The wiring structure cov- 
ers the inverter module 1 , load 2, a power source 3, the 
switching elements 4 and 5, and smoothing capacitors 



6 and 7. In this embodiment, the switching elements 4 
and 5 are transistors. The switching elements may be 
thyristors , or any other switching devices . Each of the 
switching elements 4 and 5 is connected to a free wheel- 
ing diode in parallel. 

[0014] In Fig. 2A, wires for connecting the compo- 
nents 2 to 7 are depicted with inductance symbols 
(coils). The wires include a high-potential bus P, a low- 
potential bus N, and an output line U. The buses P and 
N and line U are layered one upon another in order of 
P, U, and N, to form a three-layer structure wherein each 
interlayer is interposed by a thin insulator layer G. Each 
of the lines P, N, and U is a wide electrode with the width 
thereof being greater than the thickness thereof . Name- 
ly, the thickness d and width W of each electrode layer 
have the relationship of d/W < 1 . Between adjacent ones 
of the layers, an insulator G is interposed. With the 
three-layer structure added with the insulator layers, 
magnetic fields generated around the layers by currents 
oppositely passed through the layers cancel each other. 
The electrodes are layered close to each other to mini- 
mize an area where magnetic fields do not cancel each 
other, thereby minimizing magnetic flux generated by 
currents and electromagnetic waves generated by 
changes in magnetic flux, 

[0015] The embodiment maintains the multilayer 
structure as close to connections or terminals of the 
structure as possible, as shown in Fig. 2C. 
[0016] The switching elements 4 and 5 are oppositely 
turned on and off. For example, if the switching element 
4 is ON, the switching element 5 is OFF. If the switching 
element 4 is ON, a current flows through a path indicated 
with a thick black line in Fig. 2A that routes through a 
positive terminal of the power source 3, the switching 
element 4, the load 2, the smoothing capacitor 7, and a 
negative terminal of the power source 3 in this order. In 
each of dotted circle areas A, B, C, D on the current 
path, the multilayer structure of the embodiment passes 
opposite currents to cancel magnetic fields produced 
around the electrode layers. If the switching element 4 
is OFF, the switching element 5 is ON to pass a current 
through a path routing through the positive terminal of 
the power source 3, the smoothing capacitor 6, the load 
2, the switching element 5, and the negative terminal of 
the power source 3. In this case also, the multilayer 
structure along the current path passes opposite cur- 
rents to cancel magnetic fields generated around the 
electrode layers. This arrangement greatly reduces in- 
ductance as well as electromagnetic waves. 
[0017] Figures 3A and 3B show a power wiring struc- 
ture for an inverter module with U- and V-phases ac- 
cording to another embodiment of the present invention, 
in which Fig. 3A is a circuit diagram and Fig. 3B a view 
showing connections in the wiring structure. The invert- 
er module 1 has switching blocks 14 and 15 each in- 
cluding two switching elements each containing a tran- 
sistor and a diode connected in parallel with each other. 
In this embodiment, U- and V-phase lines are wide elec- 
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trodes sandwiched between buses P and N that are also 
wide electrodes. Like the embodiment of Figs. 2A to 2C, 
the embodiment of Fig. 3A passes opposite currents 
through each part of the wiring structure, to cancel mag- 
netic fields, thereby greatly reducing inductance. The 
number of electrode layers in the wiring structure may 
be three or more. 

[0018] The above embodiment connects single- 
phase inverters each employing the three-layer wide 
electrode structure in parallel with one another to form 
a multilayer inverter module. The present invention is 
also applicable to internal electrodes directly connected 
to switching elements. In this case, electrodes are 
formed into the multilayer wide electrode structure of 
Fig. 2B phase oy phase to reduce inductance and elec- 
tromagnetic waves. 

[0019] Figures 4A-4D shows a power wiring structure 
according to still another embodiment of the present in- 
vention, in which Fig 4A is a perspective view, Fig. 4B 
a sectional view taken along * line A-A of Fig. 4A, Fig. 
4C a sectional view taken along a line B-B of Fig. 4A, 
and Fig 4D a sectional view taken along a line C-C of 
Fig. 4A. This embodmcnt rcUUcs to in particular, output 
leads of the Wiring structure 

[0020] The wiring structLro of Figs 4A-4D is applica- 
ble to an invonor with U- V and W phases. In Fig. 4A, 
U- . V«. and W-phase output lines are each sandwiched 
between power buses p *nd N with an insulator layer 
being interposed between the adjacent bus and output 
line In Fig 4B the U- V- and W phase output lines are 
arranged side by sick? in Fig 4C. the U- and W-phase 
output lines are bent and gathered on and under the V- 
phase output line In Fiq 4D the V-, and W-phase 
output lines arc laid ore upon another to form output 
leads In this way the U- V- and W-phase output lines 
are laid one upon another just after they are taken out 
from between the buses P and N. The thickness of the 
three-layer wide electrode structure is substantially 
equal to the thickness of three electrode plates, where 
the thickness also includes that of the interposed thin 
insulator layers. This three-layer structure is simple and 
is easy to fabneate The U- . V- . and W-phase output 
lines stacked one upon another as shown in Figs. 4C 
and 4D are insulated trom one another. 
[0021] At positions whe-e the U-. V-. and W-phase 
output lines are taken out from between the buses P and 
N, Ihey become discrete not lo reduce inductance. 
Around such positions there will be no current that op- 
poses a current flowing through the buses P and N, as- 
suming that a curreni flows along the center line of each 
wiring electrode. This is because the center lines of the 
U - , V- , and W-phase output lines arc spaced apart from 
one another around such positions. Consequently, the 
inductance of the buses P and N is not reduced at the 
positions. 

[0022] This problem is solved by a wiring structure of 
Figs. 5A and 5B according to still another embodiment 
ofthe present invention, in which Fig. 5A is a perspective 



view, Fig. 5B a sectional view taken along a line A-A of 
Fig. 5A, and Fig. 5C a sectional view taken along a line 
B-B of Fig. 5A. 

[0023] In Fig. 5B, U- and W-phase output lines on 
5 each side of a V-phase output line are laid on and under 
the V-phase output line between buses P and N with an 
insulating layer being interposed between adjacent 
ones of the lines. The layered U-, and W-phase out- 
put lines are taken out from between the buses P and 
10 N. This configuration forms no discrete output line, and 
therefore, surely reduces the inductance of the output 
lines. In addition, this arrangement stacks the Ik V-, and 
W-phase output lines one upon another between the 
buses P and N, to pass opposing currents between the 
is buses P and N and the output lines at a position where 
the output lines are taken out from between the buses 
P and N, thereby effectively reducing the inductance of 
the buses P and N at the position. 
[0024] An internal structure of an inverter module ac- 
20 cording to still another embodiment of the present in- 
vention will be explained with reference to Figs. 6A and 
6B in which Fig. 6A is a perspective view and Fig. 6B a 
circuit diagram. This embodiment corresponds to the 
single-phase inverter embodiment of Fig. 2. 
25 [0025] In Figs. 6A and 6B, an insulating substrate 20, 
a switching transistor 21 , a free wheeling diode 22, and 
a conductive film 23 for connecting a signal line for the 
gate of the transistor 21 form a switching element (cor- 
responding to the switching element 4 of Fig. 2A) on an 
50 upper arm. Similarly, an insulating substrate 24, a tran- 
sistor 25, a free wheeling diode 26, and a conductive 
film 27 form a switching element (corresponding to the 
switching element 5 of Fig. 2A) on a lower arm. The 
switching elements on the upper and lower arms are ar- 
35 ranged on each side of a three-layer wide electrode 
structure 29. The transistors 21 and 25 and free wheel- 
ing diodes 22 and 26 are formed on conductive films 28, 
respectively, with bottom electrodes of these elements 
21 , 25, 22, and 26 connected to the conductive films , 
40 respectively. Top electrodes of the elements 21 , 25, 22 
and 26 are connected to the electrode structure 29 
through bonding wires 30. Similarly, the conductive films 
28 are connected to the electrode structure 29 through 
bonding wires 30. In Figs. 6A and 6B, the high-potential 
45 side i.e. the bottom electrode of the upper arm is con- 
nected to an electrode P of the electrode structure 29 
through the bonding wires, the low-potential side i.e. the 
top electrode of the upper arm is connected to an elec- 
trode U of the electrode structure 29, the high-potential 
^0 side of the lower arm is connected to the electrode U, 
and the low-potential side of the lower arm is connected 
to an electrode N of the electrode structure 29. 
[0026] When the transistors and free wheeling diodes 
are arranged side by side on each side of the three-layer 
55 wide electrode structure 29 as shown in Figs. 6A and 
6B, the conductive films for the transistor and free 
wheeling diode on each insulating substrate (20, 24) 
must be separated from each other and must separately 
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be connected to the electrode structure 29 through 
bonding wires. The transistor 21 and free wheeling di- 
ode 22 of the upper arm face the free wheeling diode 
26 and transistor 25 of the lower arm with the electrode 
structure 29 interposing between them. 5 
[0027] Input and output currents flowing through the 
transistors and free wheeling diodes are oppositely ori- 
ented to reduce inductance. The transistors and free 
wheeling diodes of the upper and lower arms are op- 
posed to each other, so that, as soon as one transistor w 
turns off, transient induced current circulates through 
the opposite free wheeling diode. This arrangement 
shortens wire lengths to reduce inductance. 
[0028] Figures 7 A to 7D show current flows during the 
operation of the inverter module of Figs. 6A and 6B. In is 
each of Figs. 7A to 7D, a left half is a circuit diagram and 
a right half a sectional view. Figure 7A shows a state 
that the transistor 21 of the upper arm is ON, Fig. 7B a 
slate that Ihe Iransislor 21 is OFF to pass transient in- 
duced current through the free wheeling diode 26 of the 20 
lower arm. Fig. 7C a state that the transistor 25 of the 
lower arm is ON. and Fig. 7D a state that the transistor 
25 is OFF to pass transient current through the free 
wheeling diode 22 of tho upper arm. 

[0029] In Figs. 7A to 7D t input and output currents op- 25 
positoty pass through the three-layer wide electrode 
structure 29 and bonding wires 30 as indicated with ar- 
row marks to effectively cancel magnetic fields, thereby 
grcatty reducing inductance and electromagnetic 
waves 30 
[0030] Figures 8A and 8B are sectional views show- 
ing different arrangements of the transistors and free 
wheeling diodes of the inverter module of Fig. 6A. In Fig. 
8A me free wheeling diodes 22 and 26 are arranged 
close to the throe-layer wide electrode structure 29 on 35 
each side of the electrode structure 29, and the transis- 
tors 21 and 25 arc arranged on the outer sides of the 
free wheeling diodes 22 and 26, respectively. Namely, 
tho free wheeling diodes and transistors are arranged 
on each side of the electrode structure 29 along a line 40 
that is orthogonal to the longitudinal axis of the electrode 
structure 29 In this case, a metal film 32 on an insulating 
substrate 31 serves tor both the transistor 21 and free 
wheeling diode 22. and a metal film 33 on the insulating 
substrate 31 serves for both the transistor 25 and free 45 
wheeling diode 26. to share bonding wires to the elec- 
trode structure 29. This simplifies the fabrication of the 
inverter module. The transistors and free wheeling di- 
odes on the upper and lower arms face each other, to 
reduce inductance like the embodiment of Figs. 6A and so 
6B. 

[0031] In Fig. 8B. the three-layer wide electrode struc- 
ture 29 is inclined to equalize the heights of connection 
points between the upper and lower arms. This arrange- 
ment equalizes wiring lengths between the upper and 55 
lower arms to equalize inductance between them. This 
equalizes surge voltages between the upper and lower 
arms and balances electric characteristics between 
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them. In Fig. 8B, the transistors and free wheeling di- 
odes are roughly depicted. They may be arranged like 
Fig. 8A or Fig. 6A. 

[0032] Figures 9A and 9B are perspective views 
showing other arrangements of the upper and lower 
arms of Fig. 6A. The upper and lower arms are arranged 
side by side on one side of the three-layer wide elec- 
trode structure 29. In Fig. 9A, the transistors and free 
wheeling diodes are arranged substantially in parallel 
with the length of the electrode structure 29, like Fig. 6A. 
In Fig. 9B, the free wheeling diodes and transistors are 
arranged along lines that are orthogonal to the length of 
the electrode structure 29, like Fig. 8A. 
[0033] The embodiments of Figs. 9A and 9B collec- 
tively arrange the semiconductor elements, to make the 
fabrication thereof easier. Like the embodiment of Fig. 
6A, the embodiment of Fig. 9A shortens transistor wir- 
ing, to reduce inductance. Like the embodiment of Fig. 
8A, the embodiment of Fig. 9B shares bonding wires for 
conductive films on each substrate, to make the fabri- 
cation of the inverter module easier. 
[0034] Although some embodiments mentioned 
above employ separate insulating substrates for upper 
and lower arms, any one of the embodiments may em- 
ploy a common insulating substrate for upper and lower 
arms. 



Claims 

1. A power wiring structure comprising a circuit con- 
taining a first power line, a second power line, and 
an output line to load, the first power line being con- 
nected to a high-potential power source, the second 
power line being connected to a low-potential power 
source, the circuit being connected to first and sec- 
ond switching elements that are connected in series 
and are complementarily turned on and off, a node 
between the first and second switching elements 
being connected to the output line, wherein: 

the first power line, second power line, and out- 
put line are each a wide electrode with the width 
thereof greater than the thickness thereof; and 
the first power line, second power line, and out- 
put line are layered one upon another in a thick- 
ness direction in order of the first power line, 
output line, and second power line with an in- 
sulator interposed between adjacent ones of 
the layered lines. 

2. The power wiring structure of claim 1 , wherein: 

the output line includes a plurality of lines of 
different phases, output ends of these lines being 
collected and layered one upon another between 
the first and second power lines. 

3. A semiconductor device comprising: 
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a power wiring structure including a first power 
line, a second power line, and an output line, 
these lines being each a wide electrode with the 
width thereof greater than the thickness thereof 
and being layered one upon another in order of 5 
the first power line, output line, and second 
power line with an insulator interposed between 
adjacent ones of the layered lines; 
a first conductive layer selectively formed on a 
first insulating substrate; w 
a first semiconductor chip formed on the first 
conductive layer; having a bottom electrode 
electrically connected to the first conductive 
layer; 

a second conductive layer selectively formed ?5 
on a second insulating substrate; 
a second semiconductor chip formed on the 
second conductive layer, having a bottom elec- 
trode electrically connected to the second con- 
ductive layer; 20 
means for electrically connecting the first con- 
ductive layer to the first power line; 
means for electrically connecting a top elec- 
trode of the first semiconductor chip to the out- 
put line; 25 
means for electrically connecting a top elec- 
trode of the second semiconductor chip to the 
second power line; and 

means for electrically connecting the second 
conductive layer to the output line. 30 

The semiconductor device of claim 3, wherein: 

the first and second insulating substrates are 
arranged on each side of the power wiring structure. 

35 

The semiconductor device of claim 3, wherein: 

the first and second insulating substrates are 
arranged on each side of the power wiring 
structure; and 40 
the power wiring structure is inclined to sub- 
stantially equalize the heights of wiring connec- 
tion points between the first and second insu- 
lating substrates. 

45 

The semiconductor device of claim 3, wherein: 

the first and second insulating substrates are 
arranged side by side on one side of the power wir- 
ing structure along the length of the power wiring 
structure. 50 

The semiconductor device of any one of claims 3 to 
6, wherein: 

each of the semiconductor chips includes a 55 
switching element and a free wheeling diode; 
the switching element and free wheeling diode 
are arranged side by side along the length of 



the power wiring structure; and 
the conductive layer for each semiconductor 
chip is separated into two, one for a bottom 
electrode of the switching element and another 
for a bottom electrode of the free wheeling di- 
ode. 

8. The semiconductor device of any one of claims 3 to 
6, wherein: 

each of the semiconductor chips includes a 
switching element and a free wheeling diode; 
and 

the switching element and free wheeling diode 
are arranged along a line that is orthogonal to 
the length of the power wiring structure. 

9. The semiconductor device of any one of claims 3 to 
8, wherein the electrically connecting means are 
bonding wires. 

10. The semiconductor device of claim 9, wherein the 
bonding wires connected to the bottom electrode of 
any one of the semiconductor chips and the bond- 
ing wires connected to the top of the semiconductor 
chip extend in the same direction. 

1 1 . The semiconductor device of any one of claims 3 to 
10, wherein the first and second insulating sub- 
strates are integrated into a common substrate. 
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